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We report the observation of near-infrared photoluminescence from Te4(Ga2Cl7)2 and Te4(Al2Cl7)2 5 
molecular crystals containing Te42+ polycations. The experimental and theoretical results clearly revealed 
that  Te42+ polycation is one smart near-infrared emitter with characteristic emission peaks at 1252 and 
1258 nm for Te4(Ga2Cl7)2 and Te4(Al2Cl7)2 crystals, respectively, resulting from the intrinsic electronic 
transitions of Te42+. Furthermore, it was also found that the emissions strongly depend on the excitation 
wavelengths for both Te4(Ga2Cl7)2 and Te4(Al2Cl7)2 samples, most possibly owing to the co-existence of 10 
other Te-related optically active centers. This research not only enriches the species of luminescent 
charged p-block element polyhedra and deepens the understanding of Te-related photophysical behaviors, 
but also may stimulate efforts for designing novel material systems using such active centers. It is also 
greatly expected that these sub-nanometer optically active species could exist in other systems such 
as glasses, polymers, and bulk optical crystals, and the stabilization of these centers in widely used 15 
hosts will pave the way for their practical applications. 
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Introduction 
The development of inorganic luminescent materials (ILMs) that lack the intrinsic limitations of organic 
fluorophores is an area of considerable current interest across a number of science, engineering and biomedical 
disciplines.1 The luminescence from these materials results from the electronic transitions of active centers or 
defects in inorganic matrix, quantum-size confinement as in the case of nanocrystals or exciton recombination 
of semiconductors. To date, ILMs have witnessed an explosion of applications in a broad variety of areas such 
as telecommunication, lighting, displays, information technology, and nano-biomedicines. For instance, 
light-emitting semiconductor p-n junctions, carefully engineered structures that bring electrons and holes 
together to generate light, has been a vital and indispensable building block of modern optoelectronics, 
particularly for creating laser diodes and LEDs. In view of the impressive achievements and breakthroughs 
obtained by using these traditional ILMs, it is believed that developing new type of photonic material systems 
would not only enrich the well established spectrum of ILMs, but might open up new possibilities for their 
functional applications and for exploring the unique photophysical characteristics inherent to them. 
 As is well known, heavier p-block elements have fundamentally different electronic properties from the 
lighter congeners. It has been revealed that these elements could form fascinating structures such as anionic and 
cationic polyhedrons, which are considered to be remarkable species domiciled in solid-state chemistry.2-10 One 
of the most important aspects of these structures is that they provide a window into the rather ill-defined area of 
chemistry that lies between isolated molecular species and solid-state compounds with extended structures.4e 
Over the past decades, particular interests have been focused on Group 13, 14 and 15 charged polyhedra and 
great progress on the synthesis, experimental characterization and theoretical investigations of related 
compounds such as NaSi, NaGeK4, Rb4Sn4(NH3)2, Rb4Pb4(NH3)2, Bi5(AlCl4)3, Bi5(GaCl4)3, Bi8(Al2Cl7)2, and 
[Bi10Au2](SbBi3Br9)2 has been made.2-8 However, the preparation as well as systematical evaluation of 
physicochemical properties of compounds containing the clusters of Group 16 elements has not attracted 
deserved attention in the research community.9  
 Herein, we demonstrate the first photophysical study of luminescent Te4(Ga2Cl7)2 and Te4(Al2Cl7)2 
molecular crystals containing Te42+ polycations. The products were characterized by extensive approaches 
including powder X-ray diffraction (PXRD), diffuse reflectance, excitation-emission matrix (EEM) and 
time-resolved photoluminescence (PL) spectroscopy. Furthermore, we employed time-dependent density 
functional theory (TDDFT) to determine energies and compositions of excited states of Te42+. The experimental 
and theoretical results clearly revealed that Te42+ polycation is one smart near-infrared emitter with 
characteristic emission peaks at 1252 and 1258 nm for Te4(Ga2Cl7)2 and Te4(Al2Cl7)2 crystals, respectively. We 
also found that the emissions strongly depend on the excitation wavelengths, most possibly resulting from the 
co-existence of other Te-related optically active centers. 
Experimental details 
Tellurium (Wako, 99.99%), TeCl4 (Sigma-Aldrich, 99%), AlCl3 (Sigma-Aldrich, 99.99%) and anhydrous 
GaCl3 (Sigma-Aldrich, 99.999%) were used as received. To synthesize Te4(Ga2Cl7)2 crystal, Te, TeCl4, and 
GaCl3 were mixed in a 3:1:4 molar ratio in a glove box (<2 ppm H2O; <0.1 ppm O2), degassed and sealed in an 
ampule. The mixture was first kept at 250 °C for 48 hours and then slowly cooled down to 80 °C with a rate of 
1°C/h. Te4(Al2Cl7)2 crystal was synthesized according to a method first reported by Couch et al.,9a and the 
mixture was thermally treated using the same procedure applied for Te4(Ga2Cl7)2, since the related information 
is not available in ref. 9a. The obtained products were transferred to other bottles or capillaries in a glove box 
for the following measurements. The products were characterized by X-ray diffractometer (Rigaku-RINT 
Ultima3, λ=1.54056 Å). The samples were sealed in 1 mm Hilgenberg borosilicate capillaries and kept spinning 
during the measurement. Owing to the high moisture sensitivity of the products, we measured the absorption 
spectrum of the crystals enclosed between two 1 mm thick pure silica pieces using a UV-vis-NIR spectroscope 
(V-570, JASCO, Japan) equipped with an integrating sphere. Photoluminescence (PL) spectra was taken by a 
Horiba NanoLog spectrofluorometer equipped with a monochromated Xe lamp and a liquid N2 cooled 
photomultiplier tube (PMT) (Hamamatsu, R5509-72). Emission spectra were taken in 2 nm steps at different 
excitation wavelengths from 300 to 880 nm with 4 nm intervals. It is noteworthy that all spectra were corrected 
for spectral response of the detection system. Time-resolved PL measurements were performed by detecting the 
modulated luminescence signal with a PMT (Hamamatsu, R5509-72), and then analyzing the signal with a 
photon-counting multichannel scaler. The excitation source for the time-resolved PL measurements was 480 nm 
light (pulse width: 5nsec; frequency: 20Hz) from an optical parametric oscillator pumped by the third harmonic 
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7 656.3 1.31 x 10-6 4.92 x 10-3 B3.u 
8 652.4 2.35 x 10-7 2.71 x 10-2 B2.u 
9 630.5 1.47 x 10-4 4.05 x 10-5 B1.u 
10 621.6 0  A.u 
 
Table 2. The calculated electronic transitions of Te42+ polycation in Te4(Al2Cl7)2.  
No 
Wavelength (nm) Oscillator strength Lifetime 
(second) 
Symmetry 
1 961.3 6.69 x 10-7 2.06 x 10-2 B2.u 
2 958.9 6.43 x 10-7 2.14 x 10-2 B3.u 
3 952.9 0  A.u 
4 951.6 1.94 x 10-5 6.98 x 10-4 B1.u 
5 949.1 7.71 x 10-6 1.75 x 10-3 B1.u 
6 948.4 0  A.u 
7 656.2 4.45 x 10-7 1.45 x 10-2 B2.u 
8 654.8 4.90 x 10-7 1.31 x 10-2 B3.u 
9 630.9 1.55 x 10-4 3.84 x 10-5 B1.u 
10 616.7 0  A.u 
 
 Fluorescence excitation–emission matrix (EEM) spectroscopy is a powerful and widely used technique for 
characterizing the fluorescent organic or inorganic systems. This method entails collection of emission spectra 
at multiple excitation wavelengths, resulting in topographic or contour plots where the excitation and emission 
coordinates of observable fluorescence peaks can be used to identify different fluorophore moieties. Next, we 
employed this technique to thoroughly evaluate the steady-state PL properties of Te4(Ga2Cl7)2 and Te4(Al2Cl7)2 
samples, as demonstrated in Fig. 4a and 4b, respectively. Both samples show similar emission features when 
excited in the range of 400-680 nm. Under the excitation of 470 and 620 nm, broad emissions peaking at 1252 
and 1258 nm for Te4(Ga2Cl7)2 and Te4(Al2Cl7)2 samples, respectively, can be observed (Fig. 5), of which the 
full width at the half maximum (FWHM) is 240 nm for Te4(Ga2Cl7)2 and 258 nm for Te4(Al2Cl7)2. Further 
detailed examination revealed that the PL lineshapes are almost identical for both samples, suggesting that 
similar emitters in both samples contribute to the observed emission discussed above. Clearly, both samples 
contain Te42+ polycations, which show absorption bands in the range of 400-680 nm as experimentally and 
theoretically revealed (Fig. 2 and Tables 1 and 2). This feature is consistent with the PL results since broad 
excitation bands occur in this range.  These emission bands, therefore, should result from the inherent 
electronic transitions of Te42+ polycations. However, the samples demonstrate rather different emission 
behaviors when the excitation wavelength shifts to the UV spectral range (Figs. 4 and 5). At 340 nm excitation, 
the emission lineshape from Te4(Ga2Cl7)2 sample does not change relative to those at 470 and 620 nm, which 
leads us to infer that one kind of emitter (i.e., Te42+) for Te4(Ga2Cl7)2 contributes to the NIR emission in the 
excitation range of 300-680 nm. In contrast, a new emission band with peaks at ca. 1167 and 1086 nm appears 
for Te4(Al2Cl7)2 sample (Fig. 5b), indicating that other emitters could be excitable at this wavelengh. In 
addition to the peaks mentioned above, it is observed that both samples show PL signals when excited in the 
range of 680-880 nm, although the signal to noise ratios are rather poor (Supporting information, Figs. S1 and 
S2). Te42+ polycations have characteristic absorption bands in this range, but it is obvious that these signals can 
not merely be assigned to such units, given that the fingerprint emission of Te42+ appears in the range of 
1000-1600 nm with a peak at 1252 or 1258 nm (Fig. 5).  
 At present, the exact mechanism of the PL bands except for that peaking at ca. 1260 nm remain unclear. In 
view of the synthesis procedure used here, it is likely that the species could be some Te-related emitters. As is 
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with emission peaks at ca. 1260 nm and FWHMs over 240 nm. Moreover, it is found that both samples show 
excitation-wavelength-dependent emission lineshapes, implying that other active centers in addition to Te42+ 
units exist. The following DFT calculations suggest that, most possibly, these centers are some charged or even 
neutral Te-related species. More detailed work is greatly needed to further clarify the origin of these emissions. 
This work not only provides insight on the PL mechanism of Te containing materials, but also evidences that 
charged Te clusters (e.g., Te42+) with sizes less than 1 nm could be exploited as optically active centers, which 
bridge the gap between the well-dispersed emitters (e.g., rare earth and transition metal ions as well as color 
centers) and nanosized luminescent quantum dots. We hope that this could serve as a new design concept for 
developing new types of photonic materials, i.e, exploiting heavier p-block element polyhedra as emitters. It is 
also expected that such sub-nanometer species could exist in other systems such as glasses, polymers, and bulk 
optical crystals, and the successful stabilization of these centers in widely used hosts will greatly extend their 
practical applications, given the fact that the emission could cover important telecommunication and/or 
biological optical windows.  
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